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Repolarization Alternans
in Dilated Pulsing Atria
A Preventable “Prelude”
to Atrial Fibrillation?*
Jérôme Kalifa, MD, PHD,
Masatoshi Yamazaki, MD, PHD
Ann Arbor, Michigan
Atrial fibrillation (AF) is the most common sustained
arrhythmia seen in adult clinical practice (1,2). Typically,
atrial dilatation and stretch have been recognized as major
pathophysiological factors in AF initiation and maintenance
(3–5). For instance, it has been suggested that the develop-
ment of AF in patients with acute myocardial infarction is
related to the elevated left ventricular end-diastolic pressure,
resulting in stretch of the atrial wall (6). AF also is seen
frequently in heart failure (7) or mitral valve disease with left
atrial enlargement, and it is not uncommon to observe
restoration of sinus rhythm when the size of the atria
diminishes after valve surgical repair (8). Also, nocturnal
variations in atrial pressure have been suggested as a possible
cause of AF during obstructive sleep apnea (9), and dilated
atria is a common finding in AF patients with chronic renal
failure treated by hemodialysis (10).
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Still, the mechanisms of AF initiation and maintenance
under conditions of atrial stretch are far from being eluci-
dated. Several works support that the opening of stretch-
activated channels may elicit abnormal focal discharges,
re-entrant activities, and AF (11–14). It is unclear, however,
why dilated atria pulsing at the sinus rate or faster are likely
to undergo fibrillation, whereas normal-sized atria, which
pulse at similar rates, are not.
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paper to disclose.In this issue of the Journal, Tsai et al. (15) present an
elegant study focused on the cellular mechanisms of repo-
larization alternans in HL-1 atrial myocytes that were
cultured in monolayers and were submitted to pulsatile
stretch. The authors present evidence obtained with dual-
voltage calcium optical mapping and action potential clamp
recordings that spatially discordant alternans occurs prefer-
entially in stretched preparations. Previously, investigations
of ventricular myocytes suggested that T-wave alternans
follows acute ventricular volume overload (16); in the atria,
it was shown that action potential duration (APD) alternans
during atrial flutter predispose to AF (17). However, the
molecular mechanisms of atrial APD-calcium alternans in
the presence of pulsatile stretch have not been investigated.
Interestingly, after pulsatile stretch, Tsai et al. (15) applied
field pacing and observed large APD oscillations at progres-
sively shorter cycle lengths, whereas the maximal restitution
slope remained largely below 1. Together with action
potential clamp experiments, which showed that calcium
transient oscillations occurred independently of APD oscil-
lations, these results indicate a causal relationship between
disorders of intracellular calcium homeostasis and stretch-
induced alternans. Further, Tsai et al. (15) show that
pulsatile stretch decreased protein levels of sarcoplasmic
reticulum sarcoplasmic reticulum calcium adenosine
triphosphatase 2, which is an intracellular pump that trans-
ports calcium into the sarcoplasmic reticulum from the
cytosol during the cardiac cell relaxation phase (18). Most
certainly, a fascinating aspect of the work of Tsai et al. (15)
is their demonstration that viral-mediated sarcoplasmic
reticulum calcium adenosine triphosphatase 2 overexpres-
sion can prevent stretch-induced repolarization alternans.
Knowing that a similar approach has shown some promising
results in a phase 2 clinical trial in patients with advanced
heart failure (19,20) is an incentive to explore whether atrial
stretch-induced alternans could be reversible or preventable.
Altogether, this work is a novel mechanistic demonstra-
tion that, in atrial myocytes, a relatively slow pulsatile
stretch leads to major molecular changes that significantly
alter calcium homeostasis and possibly predispose to fibril-
lation. Although experimental, the data presented here seem
to be consistent with recent findings in humans, such as
those from Narayan et al. (21), which showed that the atrial
restitution curve slope need not be larger than 1 to have
large APD oscillations and AF. On consideration of these 2
studies, it seems possible that the effects observed by Tsai et
al. (15) may be relevant only to paroxysmal AF patients. In
the work by Tsai et al. (15), short-term pulsatile stretch was
associated with rapid-rate alternans, whereas alternans from
slow-rate alternans was described by Narayan et al. (21) in
ersistent AF patients. This suggests that a deregulation of
alcium homeostasis may underlie APD oscillations,
hereas other mechanisms may lead to alternans at a slow
ate after longer periods of stretch and fibrillation. For
nstance, sarcolemmal ionic remodeling, impulse velocity
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features of atrial remodeling (22), may predispose the atria
to slow-rate alternans and fibrillation on prolonged stretch
conditions.
In addition, the work by Tsai et al. (15) raises interesting
questions as to whether stretched atria are more likely to
undergo AF because regions of discordant alternans may
correlate with areas where rotors or focal discharges locate.
In fact, the contribution by Tsai et al. (15) calls for further
investigations so as to establish a mechanistic link among
atrial muscle heterogeneity in thickness, the onset of re-
gional alternans, and the presence of electrical sources of
AF. Following Laplace’s law, it is indeed expected that wall
tension in the thin portion of the atria is larger than in
thicker regions (23) and that heterogeneities of conduction
therefore ensues (24). Satoh et al. (25) previously demon-
strated that AF is readily induced after an increased disper-
sion of refractoriness—larger in the thin versus thick region
of the atrium—had been elicited by atrial pressure increase.
Thus, further investigations in larger animal models are
warranted both to confirm mechanisms and to show con-
clusively that in slow-pulsing stretched atria, APD-calcium
repolarization alternans is a preventable “prelude” to AF.
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